Objective: Web-based treatment programs are attractive in primary care because of their ability to reach numerous individuals at low cost. Our aim of this meta-analysis is to systematically review the weight loss or maintenance effect of the Internet component in obesity treatment programs. Methods: MEDLINE and EMBASE literature searches were conducted to identify studies investigating the effect of Web-based individualized advice on lifestyle modification on weight loss. Randomized controlled trials that consisted of a Web-user experimental and non-Web user control group were included. Weight changes in the experimental group in comparison with the control group were pooled with a random-effects model. Results: A total of 23 studies comprising 8697 participants were included. Overall, using the Internet had a modest but significant additional weight-loss effect compared with non-Web user control groups (À0.68 kg, P ¼ 0.03). In comparison with the control group, stratified analysis indicated that using the Internet as an adjunct to obesity care was effective (À1.00 kg, Po0.001), but that using it as a substitute for face-to-face support was unfavorable ( þ 1.27 kg, P ¼ 0.01). An additional effect on weight control was observed when the aim of using the Internet was initial weight loss (À1.01 kg; P ¼ 0.03), but was not observed when the aim was weight maintenance ( þ 0.68 kg; P ¼ 0.26). The relative effect was diminished with longer educational periods (P-trend ¼ 0.04) and was insignificant (À0.20 kg; P ¼ 0.75) in studies with educational periods of 12 months or more. Conclusion: The current meta-analysis indicates that the Internet component in obesity treatment programs has a modest effect on weight control. However, the effect was inconsistent, largely depending on the type of usage of the Internet or the period of its use.
Introduction
The numbers of overweight people are rising globally, and more than one billion adults have a body mass index (BMI) greater than 25 kg m À2 (ref. 1) . In terms of combating this obesity epidemic and preventing various obesity-related diseases, it is essential to establish a healthcare system to facilitate self-management of obesity over the course of a lifetime. Face-to-face tailored lifestyle modification programs for treatment of obesity, which mainly consist of controlling dietary intake and increasing physical activity, are known to produce significant weight loss. [2] [3] [4] [5] However, numerous barriers hinder the implementation of these programs. Most obese people have little chance to make use of professional help for weight management because of clinicians not referring patients for professional help, financial costs that are seldom covered by medical insurance and lack of time for frequent visits. 6, 7 Moreover, most primary care practitioners offer insufficient lifestyle education in contrast to frequent prescription of medications 8 because of inadequate training in behavioral counseling, not dedicating sufficient time for counseling during the typical outpatient visit, and additional labor costs for staffing. 9 Remote healthcare programs using the Internet have the potential to overcome some of these barriers and are expected to have a supplemental role or serve as an alternative in obesity care through promoting lifestyle modifications. Along with the growing penetration of Internet use worldwide, such programs have the ability to provide information to numerous individuals at a relatively low cost and with high anonymity. 10 Moreover, the Internet makes it possible for people to seek advice or communicate with a healthcare professional at any time, unlike use of a telephone.
Studies that evaluated the effectiveness of Web-based interventions on weight loss or maintenance before April 2008 were previously reviewed. 11 Unfortunately, some studies included in that review provided Web-based education to both control and experimental groups, although the intensity of the intervention differed between the two groups. However, inclusion of such studies would have failed to clarify the additional effect of an Internet component on weight control. Moreover, that review did not sufficiently explore the aspects of use of the Internet that could modify the relative weight-loss effect because of the limited number of studies included in the review. The aim of this meta-analysis is to systematically review the weight-loss or weight-maintenance effect of an Internet component in obesity treatment programs for overweight or obese participants, and to specify characteristics of programs that could enhance the weight-loss effect.
Methods

Search strategy
Electronic literature searches (MEDLINE (between 1980 and 2011 April 2) and EMBASE (between 1980 and 2011 April 2)) were conducted to identify studies investigating the effect of Internet-based lifestyle instruction on weight control, using the following keywords related to the Internet (combined the Medical Subject Headings (MeSH) term (Internet) and the following text words (Internet OR Web or computerized or Web-based)) and obesity (combined MeSH terms (body mass index or body weight or overweight or obesity) and the following text words (body mass index or overweight or obes* or weight gain* or Weight change* or weight loss*). We examined reference lists of those publications to identify additional studies suitable for our purpose. We considered articles published in any language.
Studies were included if (1) they were randomized controlled trials using a parallel design; (2) all participants were adults who were designated as overweight or obese by the study-specific definition; (3) they consisted of a Web-user experimental group and non-Web user control group; (4) the intervention included controlling dietary intake and increasing physical activity; (5) the aim of using the Internet was initial weight loss or weight maintenance; and (6) the effect was assessed by absolute body-weight change. In one study, 12 although overweight or obesity was not clearly defined, we considered all the participants to be overweight or obese, because all of the participants had achieved a 10% weight reduction from their body weight as measured within 2 years of the beginning of the treatment of obesity; moreover, that study excluded subjects with a low BMI. In addition to these inclusion criteria, the Internet must have a role either as a supplemental tool (that is, the obesity treatment program in the experimental group is the same as that in the control group except for additional support provided by the Web-based program) or as a substitute (that is, content of the Web-based obesity treatment program provided to the experimental group is similar to the in-person obesity care provided to the control group).
The intervention was considered as Web-based if participants in the experimental group received individualized (that is, not standardized) instruction, support for selfmonitoring of physical activity and dietary intake, or counseling with the providers via the Internet. Studies were excluded if participants who were assigned to control groups used Internet websites for any purpose other than obtaining standard non-personalized information. Three of our investigators (SK, CH and ET) independently reviewed all relevant articles and identified eligible studies. Discrepancies were solved by the decision of another author (HS).
Data abstraction
We extracted the following data from each publication: publication year, country where the study was conducted, number of participants assigned to each experimental and control group, intervention period, mean age, percentage of women, percentage of Whites, mean BMI, dropout rate, aim of weight control (that is, weight loss or weight maintenance), whether intent-to-treat analysis was used, whether methods of randomization and compliance were described and summary of the educational program for both the experimental and control groups.
Data synthesis
The net effect size on weight loss in the experimental group compared with the control group was calculated by subtracting the change from baseline to final body weight in the control group from that in the experimental group. Standard error (SE) of the weight change was directly extracted from the report data or estimated from P-values or SEs of the baseline and final weight, assuming a correlation of 0.5 between the baseline and final measures within each group according to Follmann et al. 13 as follows:
To avoid double counting of the participants and maintain the independence across results from each randomized controlled trial, if studies had two or more experimental groups for one control group or two or more control groups for one experimental group, we calculated the mean effects Effect of lifestyle modification on weight control S Kodama et al of these groups using data on the number of participants, mean weight change and its corresponding standard deviation in each group. All effect sizes weighted by the square of their SE were pooled with a fixed-or random-effects model. 14 We used the results from the random-effects model if between-study heterogeneity, which was assessed by I 2 , 15 was significant. Analyses were repeated for subgroups into which studies were stratified based on the pre-specified key study characteristics. We also conducted meta-regression analyses to assess the influence of study characteristics on study results. Publication bias was assessed using two formal methods: Begg's rank correlation test 16 and Egger's asymmetry test.
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A P-value of 0.05 or less was considered statistically significant. All analyses were carried out with STATA software version 11 (STATA Corporation, College Station, TX, USA).
Results
Details of study characteristics Figure 1 shows details of the literature search. , respectively. Of the 22 studies that provided the study-specific minimum BMI to define overweight or obesity, the value was X25 kg m À2 to o 30 kg m À2 except in three studies 26, 35, 38 that used a BMI o25 kg m À2 cut-off value for being overweight and three studies 28, 32, 36 that exclusively targeted participants with a BMI X30 kg m À2 . Most of the studies (17 studies) used an intent-to-treat analysis. Mean (range) of the dropout rate was 17.8% (0-79.6%) and the reasons for dropping out were described in 12 studies. Methods of randomization were described in only seven studies, and participants' compliance was not mentioned in 11 studies. Effect of lifestyle modification on weight control S Kodama et al Effect of lifestyle modification on weight control S Kodama et al or physical activity and submit this information in 14 studies. In nine studies, participants communicated with the lifestyle instructors via e-mail and nine studies included counseling through other methods (that is, face-to-face and using the phone), as well as the Internet program.
Overall effects of using the Internet on weight control Figure 2 provides a forest plot showing the net effect of using the Internet on weight loss compared with not using it. Overall, using the Internet had a modest but significant additional weight-loss effect when compared with results in non-Web-user control groups (À0.68 kg, P ¼ 0.03). However, large and highly significant between-study heterogeneity was observed in the effect size (I 2 , 84.4%; Po0.001). Publication bias was not statistically detected (P ¼ 0.62 for Begg's test and P ¼ 0.79 for Egger's test). Table 3 shows results of stratified and meta-regression analyses across a number of key study characteristics to explore the origin of the between-study heterogeneity. On the whole, the additional weight-loss effect through use of the Internet seemed to be influenced by characteristics of the study design, such as the role or aim of use of the Internet, the period of its use and content of the Web-based program, rather than characteristics of the participants, (for example, mean age, mean BMI and geographic region) or BMI definition used for overweight or obesity.
Sensitivity analysis
In comparison with control groups, although a significantly favorable effect was observed when Internet support was added to the experimental group as an adjunct to the obesity care provided to all participants in an individual study (net effect (95% confidence interval (CI)) (kg), À1.00 (À1.57 to À0.43), P ¼ 0.003), an adverse effect was observed when the Internet was provided to the experimental group as a substitute for the face-to-face support similar to that given to the control group (net effect (95% CI) (kg), þ 1.27 (0.29-2.25), P ¼ 0.01). Although adding face-to-face support to Web-based support enhanced the weight-loss effect of using the Internet (net effect (95% CI) (kg), À1.93 (À2.71 to À1.15), Po0.001), the weight-loss effect was nonsignificant when face-to-face support was not provided (net effect (95% CI) (kg), À0.19 (À0.87 to 0.49), P ¼ 0.59). The difference between results with and without face-to-face support was significant (P ¼ 0.003).
In comparison with the non-Web user control group, the Web-based program was effective when the aim of using the Internet was initial weight loss (net effect (95% CI) (kg), À1.01 (À1.68 to À0.34), P ¼ 0.03), but was ineffective when the aim was weight maintenance (net effect (95% CI) (kg), 0.68 (À0.50 to 0.85), P ¼ 0.26).
Regarding the content of the Internet programs, content other than individualized instructions for behavioral b We used data only on 'continuous technology group'. c Included 6-month similar weight-loss treatment period. d Self-monitoring means Web-based support for self-monitoring, but not self-monitoring itself. This is also true for Table 2 .
Table 1 Continued
Effect of lifestyle modification on weight control S Kodama et al modification did not produce greater weight-loss effect compared with non-Web-based programs (À0.25 kg, P ¼ 0.49), with only individualized instructions on the Website being effective (net effect (95% CI) (kg), À1.33 (À2.32 to À0.34), P ¼ 0.008). Examples of such individualized instruction are support for self-monitoring of dietary intake and physical activity (À0.14 kg, P ¼ 0.77), and counseling via the Internet (À0.17 kg, P ¼ 0.72).
The relative weight-loss effect of the Internet component was not significantly affected by whether an intent-to-treat analysis was used (P ¼ 0.95) or whether the dropout rate was 20% or more (P ¼ 0.28). However, when educational periods were categorized into o6 months, 6 to o12 months and X12 months, it was shown that the effect was diminished with longer educational periods (P-trend ¼ 0.04). The weight-loss effect was insignificant (À0.20 kg; P ¼ 0.75) in studies with educational periods X12 months, and was significant in studies with an educational period o6 months (À1.55 kg, P ¼ 0.001).
Discussion
The current meta-analysis indicated that the relative effect of the Internet component in the obesity programs was statistically significant. However, the amount of weight change was much more modest than that with use of antiobesity drugs (for example, orlistat (À2.9 kg), sibutramine (À4.2 kg), rimonabant (À4.7 kg) 40 ) and bariatric surgery (À39.7 kg). 41 One reason for the modest effect of use of the Internet in weight-loss programs might be that obesity treatment programs had inappropriately used the Internet. The current stratified analyses indicated that those using the Internet as a substitute for face-to-face support experienced a smaller weight loss than the control group. Moreover, another finding from the stratified analyses was that the Web-based programs did not have a significant additional weight-loss effect unless their use was combined with face-to-face support. These results suggest that an in-person contact Effect of lifestyle modification on weight control S Kodama et al approach is superior to a technology-based approach from the viewpoint of the amount of weight loss; if used, an Internet program needs to include the component of a faceto-face program for participants to achieve weight loss. It is known that social support is one of the important aspects of behavioral obesity treatment and is associated with better weight-loss outcomes. 42 One supposition for the superiority of face-to-face treatment is derived from the perception that the participants are supported by many staff members, as has been already suggested by a previous study. 37 It was reported that some participants felt uncomfortable using the Internet even when compliance in using the Internet for weight loss was maintained. 21 Another supposition is that this feeling of discomfort could cause participants to lose enthusiasm for weight loss and negatively influence the effectiveness of the Internet for this purpose. However, as previously mentioned, the high cost that is inherent in providing human support for weight loss obviously represents a major barrier in clinical practice. A previous cost-to-benefit study reported that the deployment of obesity therapists increased the mean cost per pound weight reduction by $10.2, while the deployment of a computer network system increased it by only $2.3 (ref. 20) .
Moreover, it is also obvious that a reduction in frequency of healthcare visits, as well as reduction in consultation time per visit, represent major strengths in Web-based healthcare compared with healthcare delivered by humans. Therefore, it is necessary that Web-based obesity-care programs become more widespread and are developed to result in greater weight-loss effect than the present Web-based systems. Ideally, they would achieve a weight-loss effect comparable to that of face-to-face support. The long-term weight-loss effect seems to be one of the major problems in Web-based strategies, as is the case with many weight-control intervention studies. The current sensitivity analyses indicated that the additional weight-loss effect via the Internet was attenuated with a longer educational period. Additionally, the Web-based program was found not to be superior to other obesity treatment programs when its aim was to maintain body weight after a previous weight reduction. These results suggest that one of the major problems in using the Internet for weight loss appears to be long-term sustainability of the Internet program. Harvey-Berino et al. 21 reported that during a weight-loss intervention period more participants who were assigned to an Internet group lost enthusiasm than those assigned to an in-person support group. We speculate that Internet users acquire 'tolerance' to stimuli that text messages or e-mail communications give in the course of Size of squares reflects the statistical weight of each study. Overall effect size is indicated by unshaded diamond.
Effect of lifestyle modification on weight control S Kodama et al Principally, data with the longest intervention period were used if two or more results were reported according to the observational (non-educational) period so that double counting was avoided. Four data sets were added as both data on studies with and without an observational period were reported in three studies. 24,26,33 c Six data sets were added because two roles of the Internet as additional or alternative support were examined in six studies. 12,21-22,29,32,37 d In one study, 20 two different kinds of effects of the Internet with and without in-person counseling were examined. e Multivariate meta-regression analysis was conducted. Effect of lifestyle modification on weight control S Kodama et al the Web-based educational program and become bored with these stimuli. This would make it difficult for participants to maintain their motivation for lifestyle modifications, which may diminish chances for success in weight control. It is suggested that Web-based lifestyle modifications should gradually become more intensive or should be combined with in-person support, especially when the aim is success in maintaining long-term weight loss. According to the stratified analyses, it is possible that using the Internet for self-monitoring or counseling does not contribute to additional weight loss compared with Internetbased obesity care without such content. Actually, it has been suggested that self-monitoring or communication via the Internet does not motivate people to modify behavior for weight control. For example, barriers such as stress, lack of social support and discomfort with recording information have been reported with regard to self-monitoring systems. 43 It also has been reported that participants assigned to an Internet group often feel that they are unable to communicate effectively with their group members or therapists. 44 A key to improve the efficacy of Web-based weight-loss programs might be the development of Web-based instruction rather than self-monitoring or communication via the Internet. To make the instruction more attractive, the text messages should not be repetitious but novel and more thoughtful of the personalized aspects of behavioral therapy as if the Web-users would consider the automated messages the same as if they were given face-to-face.
Several limitations must be addressed in this metaanalysis. First, the current meta-analysis could detect only eight eligible studies with a duration X12 months, which accounted for about one third (8/23) of the included studies. Therefore, this analysis might not necessarily provide clinically sufficient evidence for the long-term effect of an Internet component on weight control. Second, in this type of randomized controlled trial, practically, a double-blinded method is impossible. The participants assigned to the control group might have felt a sense of competition with the Internet group, which could have created bias toward weakening the effect of the Web-based intervention. This type of bias has been referred to as the 'Avis effect'. 45 Third, poor compliance is recognized as a major issue in most online studies. 46 Actually, several studies have reported that compliance or levels of Internet usage were found to be associated with weight loss. 10, 20, 23, 32, [47] [48] However, quite a few of the studies included in this meta-analysis did not provide information on compliance (for example, Website log-in frequency). Fourth, few studies have been conducted on Web-based weight-loss programs targeted exclusively for men, partly because of the fact that men are less interested in weight loss than women. 49 We also suggest several issues that could be addressed by future research: (1) a cost-to-benefit ratio that involves, in addition to the amount of weight loss, the reduction in incidence and medical cost of obesity-related diseases, such as hypertension, diabetes, and furthermore, cardiovascular diseases as a benefit of obesity care; (2) the proper proportion of online and in-person obesity care support for maximizing the cost-to-benefit; and (3) the characteristics of obesity care (for example, standardized outpatient practice or self-help material) or of obese persons (for example, computer experience, health literacy and type of occupation) that can benefit from supplemental care using the Internet.
In conclusion, the Internet component in obesity treatment programs had a modest but significant effect on weight control compared with non-use of the Internet. However, the effect appears to depend on the usage of the Internet or the period of its use, rather than on participants' characteristics such as age or gender. Although an in-person approach is suggested to have a greater weight-loss effect than a Web-based approach, the development of technology-based programs should be continued from the viewpoint of saving time and cost, especially focusing on appropriate combinations of face-to-face and Web-based support, as well as making educational programs more attractive for participants.
